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Objective: to examine the effect of stent-graft deployment on pressure within an aneurysm sac and to investigate the
potential sources of intra-sac pressure.
Material and Methods: intra-sac pressure was monitored during and immediately after endovascular repair via an
indwelling catheter. Intra-sac pressure was also monitored during conventional open repair and was compared with the
pressure measured within patent lumbar and inferior mesenteric side-branches, both before and after restoration of iliac
arterial blood flow. Intra-sac and side-branch pressures were recorded and expressed as ratios of simultaneously measured
radial artery pressure.
Results: in the absence of a graft-related endoleak (23/25 patients), endovascular repair resulted in a significant reduction
in intra-sac pulse pressure (median ratio 0.31 IQR 0.10±0.46). There was no corresponding reduction in mean intra-sac
pressure (median ratio 0.91; IQR 0.83±1.00). Application of clamps at conventional open repair resulted in a fall in both
intra-sac pressure (median ratio 0.39, IQR 0.32±0.64) and pressure within side-branches (median ratio 0.45, IQR
0.33±0.64). Restoration of iliac blood flow resulted in a modest recovery of the side-branch pressure (median ratio 0.63, IQR
0.57±0.81), which nonetheless remained significantly less than the intra-sac pressure recorded after EVAR (p 0.01).
Conclusion: reperfusion of the aneurysm sac through patent side-branches seems insufficient to account for persistent
pressurisation of the aneurysm after endovascular repair. This finding supports the hypothesis that pressure may be
transmitted directly through stent-graft fabric.
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Introduction
The aim of endovascular aortic aneurysm repair
(EVAR) is to isolate the aneurysm from the circulation
and thus prevent death from rupture. The risk of
aneurysm rupture depends primarily on the pressure
within the aneurysm whereas the consequence of rup-
ture (the risk of haemorrhage) depends on flow within
the aneurysm sac. It may be argued therefore that the
aim of endovascular repair cannot be achieved unless
and until the aneurysm is excluded from both
pressure and flow.
Satisfactory isolation of the aneurysm from blood
flow can be confirmed by `` completion'' angiography
and or post-operative CT scan. These investigations
will not however confirm depressurisation of the
aneurysm sac. We investigated the effect of stent-
graft deployment on pressure within the aneurysm
sac. We correlated our findings with measurements
of intra-sac and side-branch pressure at open
aneurysm repair.
Methods
Measurement of pressure within the aneurysm sac
during and after EVAR
Intra-sac pressure was measured during and immedi-
ately after EVAR by means of a 5 Fr straight catheter
placed in the aneurysm sac via the `` contra-lateral''
femoral artery. The catheter was initially placed at
the level of the renal arteries and was employed to
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perform angiography prior to graft deployment. Once
the stent-graft had been deployed at the level of the
renal arteries, the catheter was withdrawn into
the aneurysm sac and connected to a transducer. The
catheter was left in place during completion of the
endovascular procedure and for the first 24 h after
operation. Pressure within the aneurysm sac was
first measured after completion angiography (per-
formed through a different catheter). The catheter
was then flushed with heparinised saline and was
employed intermittently to measure pressure at
intervals of 4 h.
Measurement of intra-sac and side-branch pressure at
open operation
The role of side-branch reperfusion in generating
intra-sac pressure was investigated by measuring
pressure within the aneurysm sac at open repair
once proximal and distal clamps had been applied.
Technique
The study was approved by local research ethics com-
mittee and informed consent was obtained from all
patients. Pressure transducers were calibrated at the
beginning of each study. After trans-peritoneal expos-
ure of the aneurysm and preparation for cross clamp-
ing, a 19 g needle connected to a pressure monitoring
system was gently advanced through the aneurysm
wall into the aortic lumen (Fig. 1). The pressure mon-
itoring system comprised of a transducer (BD,
Franklin Lakes, NJ, U.S.A.) with an integrated flush
device connected via a 100 cm long (1 mm internal
diameter, 2 mm external diameter) non-distensible
extension tube. After application of aortic and iliac
occlusion clamps, pressure within the aneurysm sac
was noted and compared with systemic (radial) pres-
sure at intervals of 30 s. Measurements were repeated
until the intra-sac pressure had stabilised (90±120 s).
The aneurysm sac was incised and evacuated in the
usual way. The number of patent infra-renal side
branches was noted. When technically possible, a
silastic catheter (with an end-hole) was passed into
the ostium of one of the side-branch vessels. A suture
was then placed under-running the ostium and
snugged round the catheter to achieve haemostasis
(Fig. 2). By connecting this catheter to a pressure
transducer it was possible to record the collateral per-
fusion pressure of that particular vessel. Intra-luminal
pressure of the side-branch was noted during aneur-
ysm repair and after restoration of common iliac
artery blood flow. Once the silastic catheter was
removed, continued patency of the vessel was con-
firmed by back-bleeding, the under-running suture
was tightened and ligated to achieve permanent
haemostasis.
Fig. 1. Intra-sac pressure measurement during open aneurysm
repair.
Fig. 2. Measurement of aortic side-branch pressure after opening
the AAA.
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Systolic and diastolic pressures were recorded for
all pressures measured. Pulse pressure was calculated
as the difference between systolic and diastolic
readings and mean pressure as the sum of diastolic
pressure and a third of pulse pressure. To allow mean-
ingful comparisons in the light of changing blood
pressures and differences in blood pressure between
patients, intra-sac pressure and side branch pressure
were expressed as a ratio to simultaneously recorded
systemic blood pressure.
Statistics
Median values and inter-quartile range (IQR) were
calculated for descriptive purposes. Chi-squared test
was applied to examine the statistical significance of
different outcomes (e.g., drop in pressure) within the
same group of patients and t test was applied to
compare different groups. A p value of 50.05 was
considered to be significant.
Results
Measurement of intra-sac pressure during and
after EVAR
A total of 25 patients underwent measurement of
intra-sac pressure during and after EVAR. Mean and
Pulse pressures within the aneurysm sac were
expressed as proportions of simultaneously recorded
systemic mean and pulse pressure (Table 1).
In the absence of graft-related endoleak, deploy-
ment of a stent-graft resulted in an immediate and
significant (p4 0.0001) reduction in pulse pressure
within the aneurysm sac (ratio of intra-sac to systemic
pulse pressure was 50.5 in 19/23 patients). There
was not however a significant fall in the mean pres-
sure within the aneurysm sac which remained greater
than 80% of the systemic mean in 21 of 25 (84%)
patients. Intra-sac pressure was not apparently influ-
enced by the presence or absence of isolated type II
endoleak.
Measurement of intra-sac pressure at
open aneurysm repair
Intra-sac pressure was the same as systemic (radial
artery) pressure in all 30 patients before application
of clamps. Following application of aortic and iliac
cross clamps, the pressure fell precipitously but then
recovered and had in most cases stabilised within two
minutes of clamp application. The median ratio of
intra-sac to systemic pressure was 0.39 (IQR 0.32±
0.64; Table 2). The mean pressure recorded within
the aneurysm sac at open operation was significantly
less (p 0.0001) than the mean pressure recorded
within the aneurysm sac after deployment of a
stent-graft.
Measurement of side-branch pressure at
open aneurysm repair
Side-branch pressure was measured in 12 of the 30
patients. In two subjects both IMA and lumbar vessels
were cannulated (Table 2). The median ratio of side-
branch to systemic pressure (mean arterial pressure)
was 0.45 (IQR 0.33±0.63). This compares with a
median ratio of intra-sac to systemic pressure (mean
arterial pressure) of 0.43 (IQR 0.25±0.58) in these 12
patients. Following restoration of iliac blood flow, the
median ratio of side-branch to systemic pressure
(mean arterial pressure) increased to 0.63 (IQR 0.57±
0.81). Unsurprisingly the increase was noted only in
lumbar arteries (median value increased from 0.43 to
0.71). Restoration of iliac blood flow did not influence
IMA pressure (median value of 0.55 changed to 0.57).
Table 1. Intra-sac pressure immediately after EVAR.
Patient
no.
Stent-graft Ratio of intra-sac/
systemic pressure
Endoleak
Pulse pressure Mean pressure
1 Zenith 0.94 1.00 Proximal
Type I
2 Zenith 0.35 1.01 Type II
3 Endologix 0.13 0.97
4 Endologix 0.53 0.82 Type II
5 Zenith 0.31 1.04
6 Zenith 0.11 0.97
7 Zenith 0.09 0.64 Type II
8 Zenith 0.07 0.68
9 Zenith 0.40 1.09
10 Zenith 0.27 0.98
11 Lifepath 0.05 0.54
12 Zenith 0.09 0.83
13 Zenith 0.55 0.88
14 AneuRx 0.25 0.87 Type II
15 AneuRx 0.35 0.96
16 Zenith 0.16 0.88
17 Vanguard 0.46 0.95
18 Vanguard 1 1.08 Proximal
Type I
19 Vanguard 0.37 0.89
20 Lifepath 0.05 0.54
21 Zenith 0.46 0.91 Type II
22 Edwards 0.54 1.05
23 Talent 0.48 1.00
24 Vanguard ± 0.85 Type II
25 Vanguard 0.31 1.08
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It should be noted that the ratio of side-branch to
systemic pressure (mean arterial pressure) after res-
toration of iliac blood flow had a median value of 0.63,
which was significantly less (p 0.01) than the median
value of intra-sac mean pressure (0.91, IQR 0.83±1.00)
recorded after EVAR.
Discussion
Effect of EVAR on pressure within the aneurysm sac
In the absence of a demonstrable graft-related endo-
leak, successful deployment of a stent-graft resulted in
damping of the pulse pressure recorded within the
aneurysm sac. In two patients in whom completion
angiography revealed graft-related endoleak, the
pulse pressure within the aneurysm sac was identical
to the systemic pulse pressure. We therefore regard
persistence of systemic arterial wave-form within the
aneurysm sac after stent-graft deployment as evidence
of graft-related endoleak (whether or not that is
seen on angiography). We have modified our clinical
protocols accordingly and in our view, persistence of
systemic arterial wave form within the aneurysm sac
is an indication for further imaging to identify
and close persistent communication between the
aorto-iliac arterial tree and the aneurysm sac.
It was a surprising finding that in most patients,
deployment of a stent-graft did not result in a signifi-
cant fall in intra-sac mean pressure. Review of the
literature reveals a number of conflicting reports.
Chuter et al.1 and Treharne et al.2 both reported an
impressive fall in pressure within the aneurysm sac
after deployment of tapered aorto-uniiliac devices. In
a larger series reported by Gawenda et al.,3 the fall in
pressure within the aneurysm sac when bifurcated
devices were deployed was modest when compared
to the fall in pressure after deployment of a
aorto-uniiliac device. Sharma et al.4 reported a mean
intra-sac pressure of 74.7 13 mmHg against a mean
systemic pressure of 86.3 12 mmHg in 60 patients
treated with a bifurcated device. Although statistically
significant, the fall in pressure recorded was small.
It is difficult to draw meaningful conclusions
from a comparison of these various reports since
Table 2. Intra-sac and side-branch pressures during open aneurysm repair.


























16 1 Lumbar 0.39 0.42 0.96
17 1 Lumbar 0.66 0.85 1.15
18 1 Lumbar 0.6 0.62 0.71
19 4 0.40
20 1 Lumbar 0.48 0.43 0.71
21 2 IMA 0.33 0.73 0.81
22 2 0.65
23 2 IMA 0.38 0.33 0.38
24 1 Lumbar 0.49 0.47 0.59
25 1 IMA 0.54 0.2 0.41
26 3 IMA 0.18 0.5 0.52
27 4 Lumbar 0.16 0.39 0.59
28 Nil 0.31
29 4 IMA 0.64 0.67 0.65
Lumbar 0.33 0.82
30 3 0.82
All pressures expressed as ratio of simultaneously measured radial artery pressure.
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methodology varied with some authors reporting
mean or median pressure rather than pressure as a
percentage or ratio of systemic pressure. What is clear
however is that deployment of a stent-graft does not
in general result in immediate abolition of intra-sac
pressure. It also seems likely that the effect of endo-
graft deployment on intra-sac pressure depends, at
least in part, upon the nature and configuration of
the stent-graft deployed.
Persistent pressurisation of the aneurysm sac after
EVAR may be due to transmission of pressure in asso-
ciation with a low-flow endoleak which was not seen
on completion angiography. It may alternatively be
due to transmission of pressure through the stent-
graft fabric itself or to retrograde pressurisation
through patent side-branches. Attempts at preopera-
tive embolisation of side-branches to eradicate retro-
grade flow through side-branches offer little benefit
since it is technically not feasible to obliterate all the
vessels.5
The effect of endovascular repair on pressure within
the aneurysm sac has been studied in a variety of
experimental and animal models.6±8 Such models are
inevitably flawed since they cannot recreate accurately
the in vivo situation. We chose therefore to investigate
the effect of side-branch reperfusion on aneurysm sac
pressure by measuring this during conventional
repair of aneurysm. The major limitation of this tech-
nique is that lumbar arterial pressure is inevitably
affected by pressure within the common and internal
iliac arteries and this is of course significantly reduced
during open aneurysm repair. For that reason we can-
nulated patent side-branches where possible and mea-
sured pressure again when iliac blood flow had been
restored.
We noted that isolation of the aortic aneurysm
between aortic and common iliac cross clamps
resulted in an immediate fall in intra-sac pressure
but that, that pressure then recovered within a period
of 1±2 min, presumably as the aneurysm refilled
from patent side-branches. Once equilibration had
occurred, we noted that intra-sac pressure was signifi-
cantly lower than systemic pressure and significantly
lower than the pressure measured within an aneur-
ysm sac after stent-graft deployment. Pressure mea-
sured within patent lumbar or inferior mesenteric
arteries was not significantly different to that
measured within the aneurysm sac. Unsurprisingly
however, restoration of iliac blood flow resulted in
a rise in pressure within patent lumbar arteries. Pres-
sure did not however rise to the levels recorded
within aneurysms after endograft deployment.
This seems to suggest that retrograde perfusion via
patent side-branches cannot be the only explanation
for maintenance of pressure within the aneurysm sac
after EVAR. It is in this context relevant to note that
available evidence from large prospective studies of
endovascular repair suggests that type II endoleak is a
relatively benign condition.9 The implication is that
retrograde perfusion through patent side-branches
can rarely generate sufficient pressure to cause expan-
sion and rupture of the treated aneurysm.
We can only speculate as to the cause of persistent
pressurisation of the aneurysm sac after stent-graft
deployment. It seems likely however that pressure is
at least initially transmitted through the endograft
itself. Whether such pressure transmission ceases
with thrombosis of graft interstices or indeed whether
pressure transmission differs between different stent-
graft materials (e.g., PTFE versus Dacron) remains
unknown but clearly requires further study.
Conclusion
In our experience, the pressure generated within an
aneurysm sac by side-branch reperfusion is not suffi-
cient to account for maintenance of high intra-sac
pressure after endovascular repair. This finding is
consistent with the clinical observation that type II
endoleak is rarely associated with rupture of a treated
aneurysm.
The factors responsible for maintaining high mean
intra-sac pressure in immediate postoperative period
after EVAR have yet to be identified and warrant
further study.
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